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Abstract
Macrophage migration inhibitory factor (MIF) was identified in rat peritoneal macrophages by Western blot analysis and
its secretion into culture medium by enzyme-linked immunosorbent assay. We investigated the effect of vitamin E on MIF
production in macrophages in response to phorbol 12-myristate-13-acetate (PMA), calcium ionophore A23187, and
lipopolysaccharide (LPS). Intraperitoneal injections of vitamin E (5 mg per rat) for 6 successive days resulted in a significant
increase of K-tocopherol content in peritoneal macrophages (478.3 þ 90.7 ng/106 cells) compared with the control (1.5 þ
0.5 ng/106 cells). For the control macrophages, MIF content of the medium (2.5U106 cells/18 ml) without stimulation was
2.27 þ 0.20 ng/ml after 14 h culture, whereas stimulation with calcium ionophore A23187 (400 nM) and LPS (5.0 Wg/ml)
induced the elevation of MIF content to 3.66 þ 0.41 and 4.12 þ 0.58 ng/ml, respectively. On the other hand, vitamin E-
enriched macrophages without stimulation showed less MIF content (0.77 þ 0.23 ng/ml) than the control. Similarly, the
increase of MIF of vitamin E-treated macrophages was significantly suppressed after stimulation with calcium ionophore
A23187 or LPS, compared with the control macrophages. From analysis of intracellular MIF content by Western blot, we
found no alteration of intracellular MIF content of vitamin E-macrophages, in contrast to the decreased content of control
stimulated-macrophages. Taken together, these results indicate that vitamin E may contribute to the regulation of immune
responses through regulation of MIF secretion. 0167-4889 / 98 / $ ^ see front matter ß 1998 Elsevier Science B.V. All rights
reserved.
Keywords: Vitamin E; Macrophage; Macrophage migration inhibitory factor; IL-6; Tumor necrosis factor-K ; Lipopolysaccharide;
PMA; Calcium ionophore A23187
1. Introduction
Macrophages play a key role in in£ammatory and
immune reactions through releasing a variety of in-
£ammatory mediators, such as prostanoids, superox-
ide anions, and monokines. Macrophage migration
inhibitory factor (MIF), one of the monokines, was
originally discovered as a T-lymphocyte-derived cy-
tokine inhibiting random migration of macrophages
out of capillary tubes [1,2]. In addition to its inhib-
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itory action, MIF was found to have a variety of
biological functions, such as activation of macro-
phages and enhancement of their tumoricidal and
parasiticidal activities [3^5]. Recently, MIF was
found to be an anterior pituitary-derived hormone
that potentiates lethal endotoxemia [6] and overrides
the glucocorticoid-mediated suppression of in£am-
matory and immune responses [7].
On the other hand, vitamin E has been recently
noticed to play an important role in the immune
response protection against infections, antioxidants,
and anticarcinogens. For example, high intake of
vitamin E can increase longevity by in£uencing the
immune system and reducing age-related diseases [8].
With respect to the e¡ect of vitamin E on immune
responses, it is postulated that the immunostimula-
tory e¡ect of vitamin E may be due to a reduction in
PGE2 synthesis and concomitant increase in interleu-
kin (IL)-2 production [8,9]. However, it is not clear if
vitamin E has the potential to regulate the produc-
tion of monokines in macrophages, such as MIF,
interleukin (IL)-6, and tumor necrosis factor
(TNF)-K, which are associated with immune re-
sponses and in£ammatory reactions.
It was found that MIF is abundantly present in
mouse macrophages [10]. Following this, we demon-
strated that MIF is expressed in various tissues, not
limited to immune cells [11^14]. By examining pro-
duction of monokines from rat macrophages stimu-
lated with phorbol 12-myristate-13-acetate, calcium
ionophore A23187, and lipopolysaccharide, we at-
tempted to elucidate the mechanism of vitamin E
in immune responses in view of not only its antiox-
idant ability, but also the biological action for mod-
ulation of the membrane-associated enzyme-complex
systems.
2. Materials and methods
2.1. Reagents
The following materials were obtained from com-
mercial sources: lipopolysaccharide (LPS) (Escheri-
chia coli 026:B6), phorbol 12-myristate 13-acetate
(PMA), calcium ionophore A23187, phenylmethyl-
sulfonyl£uoride, benzamidine, and leupeptin from
Sigma (St. Louis, MO, USA); goat anti-rabbit horse-
radish-peroxidase conjugate from Bio-Rad (Rich-
mond, CA, USA); Protein A Sepharose from Phar-
macia (Uppsala, Sweden); fetal calf serum from
Irvine Scienti¢c (Irvine, California, USA); enzyme-
linked immunosorbent assay (ELISA) kits for TNF-
K and IL-6 from Wako (Osaka, Japan), and ECL
(enhanced chemiluminescence) kit from Amersham
(Buckinghamshire, UK). Vitamin E (all rac-K-toco-
pherol) and placebo vehicle (HCO-60, polyethylene
60-hydrogenated castor oil) were gifts from Eisai
(Tokyo, Japan). A polyclonal anti-rat MIF antibody
was generated by immunizing New Zealand white
rabbits with puri¢ed recombinant rat MIF as de-
scribed [15]. The IgG fractions (4 mg/ml) were pre-
pared using Protein A Sepharose according to the
manufacturer’s protocol. All other chemicals used
were of analytical grade.
2.2. Macrophage preparation
Macrophages were prepared from peritoneum of
male Wistar rats (weighing 300^400 g) as described
previously [16]. In brief, 5 mg of vitamin E dissolved
in 0.1 ml of placebo vehicle was intraperitoneally
injected for 6 successive days, and the rats were sac-
ri¢ced on day 1 after the ¢nal injection. Cell number
and viability were quantitated by hemocytometry
with Trypan blue. The content of K-tocopherol in
macrophages was determined as described previously
[17].
2.3. Cell culture
Macrophages pooled from 8^15 rats treated with
vitamin E or the placebo were used for measurement
of cytokine contents in the culture medium and for
Western blot analysis. The macrophages were cul-
tured (1.5^2.5U106 cells) in 10-cm-diameter culture
dishes in RPMI 1640 (18 ml) containing 3% fetal calf
serum and antibiotics (100 U/ml ampicillin and
100 Wg/ml streptomycin) in an atmosphere of 95%
humidi¢ed air, 5% CO2 at 37‡C. LPS, calcium ion-
ophore A23187, or PMA was added to the culture
media as an agonist. After incubation for 14 h, the
medium was collected from each dish and centri-
fuged at 2000 rpm for 10 min. After removal of
culture media the cells were subjected to Western
blot analysis.
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2.4. ELISA for MIF
For ELISA, 50 Wl of the anti-rat MIF IgG poly-
clonal antibody (4 Wg/ml) dissolved in phosphate-
bu¡ered saline (PBS) was added to each well of a
96-well microtiter plate, which was then left for
30 min at room temperature. The plate was washed
three times with PBS. All wells were ¢lled with PBS
containing 0.5% bovine serum albumin (BSA) for
blocking and left for 20 min at room temperature.
After removal of the blocking solution, the culture
supernatants (50 Wl) of macrophages were added in
duplicate to individual wells and incubated for 1 h at
room temperature. After the plate was washed three
times with PBS containing 0.05% Tween 20 (washing
bu¡er), 50 Wl of biotin-conjugated anti-MIF anti-
body was added to each well. Following incubation
for 1 h at room temperature, the plate was washed
three times with the washing bu¡er. Avidin-conju-
gated horseradish peroxidase was added to each
well, and the microtiter plate was incubated for
15 min at room temperature and washed three times
with the washing bu¡er. The substrate solution
(10 ml) contained 8 mg of o-phenylethylenediamine
and 4 Wl of 30% H2O2 in citrate phosphate bu¡er
adjusted to pH 5.0. The substrate solution (50 Wl)
was added to each well. After incubation for 20 min
at room temperature, the reaction was stopped with
25 Wl of 4 M sulfuric acid. The absorbance was meas-
ured at 492 nm by an ELISA plate reader (Bio-Rad,
Model 3550). For this ELISA system, good linearity
was obtained in the standard curve between the mass
of recombinant rat MIF (100 pg/ml to 100 ng/ml)
and absorbance. The coe⁄cient value for each sam-
ple in quadruplicate was less than 5%.
2.5. Western blot analysis of MIF
Western blot analysis was carried out by the meth-
od of Towbin et al. [18]. In brief, the macrophages
(2.5^8U106 cells) were suspended in 50 Wl of sodium
phosphate bu¡er (20 mM, pH 7.4) containing NaCl
(150 mM) and a cocktail of protease inhibitors
(1 mM EDTA, 1 mM phenylmethylsulfonyl£uoride,
1 mM benzamidine, and 1 Wg/ml leupeptin). The
sample was mixed with an equal volume of 2Usam-
ple bu¡er (0.12 M Tris, 4% SDS, 11% mercaptoetha-
nol, and 20% glycerol, pH 7.0), boiled at 100‡C for
5 min, and subjected to SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) as described previously
[19]. The proteins were electrophoretically trans-
ferred to a nitrocellulose membrane, and incubated
with the anti-rat MIF polyclonal antibody (1:1000
dilution) overnight at 4‡C. The MIF protein was
visualized by goat anti-rabbit horseradish-peroxidase
conjugate or with an ECL kit as recommended in the
manufacturer’s protocol. The amount of MIF was
quantitatively determined from the Western blot by
an IBAS Image analyzer (Zeiss, Germany).
2.6. Quantitation of TNF-K and IL-6
Amounts of TNF-K and IL-6 secreted in the cul-
ture media of macrophages were measured using
ELISA kits according to the manufacturer’s proto-
cols.
2.7. Measurement of cell size of macrophages
Macrophages were plated at 6U103^3.5U104 cells/
cm2 in Plastek culture ware (MatTek, Ashland, MA,
USA) and were observed by phase contrast micro-
scopy using an Axiovert 135 M (Zeiss, Germany).
The cell size was analyzed with an IBAS Image ana-
lyzer.
2.8. Statistical analysis
The data were analyzed by Student’s t-test, and all
data are presented as the mean þ S.D.
3. Results
3.1. Modulation of macrophages by vitamin E
To clarify the role of vitamin E in the modulation
of macrophages, 5 mg of vitamin E per rat or 0.1 ml
of placebo vehicle was injected intraperitoneally for 6
successive days and macrophages were isolated from
the peritoneal cavity on day 1 after the ¢nal injec-
tion. As shown in Table 1, K-tocopherol content of
macrophages increased to 478.3 þ 90.7 ng/106 cells,
whereas in the control rats it was 1.5 þ 0.5 ng/106
cells. Additionally, vitamin E administration resulted
in an increase of peritoneal macrophages from
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(1.21 þ 0.56)U106 cells for the control to
(6.60 þ 2.70)U106 cells for vitamin E-treated rats.
Morphological analysis revealed that the mean cell-
size of vitamin E-treated macrophages was signi¢-
cantly larger than that of the control (64.1 þ 14.7
vs. 50.5 þ 7.8 Wm2 ; P6 0.01). However, we could
not observe any di¡erence in cell viability between
vitamin E-treated macrophages and the control (Ta-
ble 1).
3.2. Identi¢cation of MIF in rat peritoneal
macrophages
To con¢rm the presence of MIF protein in macro-
phages, Western blot analysis of rat peritoneal mac-
rophages was performed. Samples were electrophor-
esed on SDS-PAGE and was transferred
electrophoretically to nitrocellulose membranes. The
transferred proteins were reacted with the anti-rat
MIF antibody and visualized by goat anti-rabbit
Table 2
E¡ects of vitamin E on MIF production by macrophages
stimulated with PMA, calcium ionophore A23187, and LPS
Stimulants Control (ng/ml) Vitamin E (ng/ml)
None 2.27 þ 0.20 0.77 þ 0.23b
PMA
200 nM 2.04 þ 0.23 0.58 þ 0.10c
600 nM 1.95 þ 0.16 0.53 þ 0.09c
1000 nM 2.64 þ 0.25 0.50 þ 0.14c
A23187
200 nM 2.96 þ 0.21a 0.47 þ 0.10c
400 nM 3.66 þ 0.41a 0.34 þ 0.11c
1000 nM 3.51 þ 0.54a 0.49 þ 0.16c
LPS
0.2 Wg/ml 2.30 þ 0.13 0.35 þ 0.13c
1.0 Wg/ml 2.82 þ 0.45 0.36 þ 0.09c
5.0 Wg/ml 4.12 þ 0.58a 0.58 þ 0.14c
Rat peritoneal macrophages (1.5^2.5U106 cells) were cultured
in 18 ml of RPMI 1640 containing 3% fetal calf serum and
antibiotics with or without stimulants. After incubation for 14 h
at 37‡C, supernatants were collected and the amounts of MIF
were determined by ELISA as described in Section 2. Values
represent MIF content of the medium of 2.5U106 cells/18 ml
and are the mean þ S.D. of three samples.
aP6 0.05 vs. non-stimulated control macrophages.
bP6 0.05 vs. non-stimulated control macrophages.
cP6 0.01 vs. each agent-stimulated control macrophages.
Fig. 1. Western blot analysis of rat peritoneal macrophages for
MIF. Fifty-microliter aliquots of cell lysates and recombinant
rat MIF were subjected to SDS-PAGE and analyzed for MIF
by immunoblotting using an anti-MIF antibody. The MIF pro-
tein was visualized by goat anti-rabbit horseradish-peroxidase
conjugate (Bio-Rad) as described in Section 2. Lane 1, the mo-
lecular size marker (Biolabs); lane 2, macrophages (8U106
cells) ; lane 3, recombinant rat MIF (50 ng).
Table 1








2 h 24 h
Control 1.5 þ 0.5 1.21 þ 0.56 50.5 þ 7.8 86.8 þ 2.8 90.9 þ 2.4
Vitamin E 478.3 þ 90.7a 6.60 þ 2.70a 64.1 þ 14.7a 87.0 þ 5.0 88.7 þ 2.9
The peritoneal exudate cells were washed twice with Hank’s balanced salt solution and cultured in 20 ml of RPMI 1640 containing
10% fetal calf serum and antibiotics in plastic dishes (Falcon, 10 cm in diameter). After incubation at 37‡C for 2 h in a 5% CO2^air
incubator, the adherent cells were used as peritoneal macrophages. The cells after removal of culture medium were counted and used
to measure K-tocopherol, viability, and cell size as described in Section 2. Values are the mean þ S.D. of ¢ve experiments.
aP6 0.01 vs. control.
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horseradish-peroxidase conjugate. As shown in Fig.
1, a single positive-stained band was observed at a
relative molecular mass of 12.5 kDa, which was con-
sistent with that of recombinant rat MIF as a pos-
itive control.
3.3. E¡ect of vitamin E on MIF content in the
macrophage culture medium
To examine whether intracellular MIF identi¢ed in
the macrophages could be secreted into the extracel-
lular space after stimulation with PMA, calcium ion-
ophore A23187 or LPS, we measured MIF content in
the culture medium using ELISA. As shown in Table
2, the MIF content of the medium of 2.5U106 cells/
18 ml was 2.27 þ 0.20 ng/ml after 14 h culture of non-
stimulated control macrophages, whereas stimulation
with calcium ionophore A23187 (400 nM) and LPS
(5.0 Wg/ml) increased the MIF content to 3.66 þ 0.41
and 4.12 þ 0.58 ng/ml, respectively, compared to the
non-stimulation (P6 0.05, n = 3). However, PMA
stimulation failed to increase secretion of the MIF
protein in the range from 200 to 1000 nM. On the
other hand, vitamin E-enriched macrophages without
stimulation showed less MIF production (0.77 þ 0.23
ng/ml) than those from the control (2.27 þ 0.20 ng/
ml) (P6 0.05, n = 3), as shown in Table 2. Similarly,
the increase of MIF of vitamin E-treated macro-
phages was signi¢cantly suppressed in case of stim-
ulation with calcium ionophore A23187 or LPS,
compared with the control macrophages (P6 0.01,
n = 3).
3.4. E¡ect of vitamin E on IL-6 and TNF-K contents
in the macrophage culture medium
We next examined whether vitamin E could inhibit
Fig. 2. E¡ect of vitamin E on intracellular MIF content of
macrophages stimulated with LPS and calcium ionophore
A23187. The cells were harvested at 14 h after incubation with
LPS (5 Wg/ml) and calcium ionophore A23187 (400 nM) as de-
scribed in Section 2. Cell lysates (2.5U106 cells) of each sample
were subjected to SDS-PAGE and analyzed for MIF by immu-
noblotting using an anti-MIF antibody. Intracellular MIF con-
tents were determined from Western blots (inset) by an IBAS
image analyzer, using recombinant rat MIF as the standard. In-
set: lanes 1^3, recombinant rat MIF 12.5 ng, 25 ng, and 50 ng;
lane 4, non-stimulated control macrophages; lane 5, LPS-stimu-
lated control macrophages; lane 6, A23187-stimulated control
macrophages; lane 7, non-stimulated vitamin E-macrophages;
lane 8, LPS-stimulated vitamin E-treated macrophages; lane 9,
A23187-stimulated vitamin E-treated macrophages. The values
are expressed as mean þ S.D. of triplicate samples in one experi-
ment representative of three independent experiments.
Table 3
E¡ects of vitamin E on IL-6 and TNF-K production by macrophages stimulated with PMA, calcium ionophore A23187, and LPS
Stimulants Control (pg/ml) Vitamin E (pg/ml)
IL-6 TNF-K IL-6 TNF-K
None 68 þ 21 45 þ 21 58 þ 20 28 þ 14
PMA (1000 nM) 197 þ 79 75 þ 18 67 þ 25 30 þ 15
A23187 (400 nM) 738 þ 593 209 þ 115 79 þ 37 38 þ 18
LPS (5 Wg/ml) 1933 þ 758 509 þ 102 1670 þ 435 500 þ 59
Rat peritoneal macrophages (2.5U106 cells) were cultured as described in Table 2. After incubation for 14 h at 37‡C, supernatants
were collected and the amounts of IL-6 and TNF-K were determined by ELISA as described in Section 2. Values represent the
mean þ S.D. of three samples.
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IL-6 and TNF-K production in macrophages, be-
cause monokines, such as IL-6 and TNF-K, are
known to be induced in response to various stimuli,
such as LPS, PMA, and calcium ionophore A23187.
Macrophages were treated with culture medium
alone, PMA (1000 nM), calcium ionophore A23187
(400 nM), or LPS (5 Wg/ml) for 14 h, and then cul-
ture supernatants were removed and IL-6 and TNF-
K were measured by ELISA. As shown in Table 3,
PMA, calcium ionophore A23187, and LPS all in-
duced elevation of IL-6 and TNF-K contents of the
control macrophages. On the other hand, vitamin E-
treated macrophages did not respond to stimulation
by PMA or A23187, which was proved by the fact
that no signi¢cant increase of MIF content in the
culture medium was observed. However, LPS stimu-
lated vitamin E-treated macrophages, and induced
increases of IL-6 and TNF-K similar to those of
the control macrophages.
3.5. E¡ect of vitamin E on intracellular MIF content
of macrophages stimulated with LPS and calcium
ionophore A23187
As described above, the secretion mode of MIF
induced by the stimulants LPS and A23187 was dif-
ferent from that of TNF-K and IL-6. It is of note
that the content of MIF in culture medium was with-
in a nanogram order per ml, whereas TNF-K and IL-
6 were within a picogram order. To evaluate the
di¡erence in contents in the culture media between
MIF and other cytokines, we analyzed intracellular
MIF content of macrophages stimulated with LPS
and calcium ionophore A23187. As shown in Fig.
2, stimulation of control macrophages by LPS and
A23187 led to a quantitative loss of intracellular
MIF, and subsequently resulted in an increase MIF
content of the culture medium. On the other hand,
intracellular MIF in vitamin E-treated macrophages
was not secreted into the medium and there was no
alteration, in spite of stimulation by LPS or calcium
ionophore A23187, as shown in Table 4. These re-
sults strongly suggested that MIF secretion was in-
hibited through modi¢cation of macrophages by vi-
tamin E.
4. Discussion
Vitamin E is one of the most abundant and active
antioxidants in vivo, and its function as a biological
antioxidant has been well recognized. Recently, there
is also growing evidence that vitamin E may play a
role in various aspects of the cell metabolism, im-
mune response, and gene regulation beyond the anti-
oxidant function [16,20^22]. It may function as an
immune modulator, enhancing both cell-mediated
and humoral immunity [8,9,23]. However, the e¡ect
of vitamin E on in£ammatory and immune responses
has not been fully investigated. In the present study,
we attempted to elucidate the e¡ect of vitamin E on
MIF production in macrophages to clarify the pos-
sibility of its involvement in in£ammatory and im-
mune systems. In general, it is considered that pro-
duction of cytokines, such as TNF-K and IL-6, from
macrophages is mediated by protein kinase C, intra-
Table 4
E¡ects of vitamin E on cellular and medium MIF contents of cultured rat macrophages stimulated with LPS and calcium ionophore
A23187
Stimulants Total MIF (ng)
Cell Medium
Control Vitamin E Control Vitamin E
None 24.3 þ 17.8 52.3 þ 23.8 40.7 þ 3.6 14.0 þ 4.2a
LPS (5 Wg/ml) 14.8 þ 5.5 48.5 þ 19.3 74.3 þ 10.4 10.6 þ 2.5b
A23187 (400 nM) 10.8 þ 5.3 54.0 þ 24.5 65.9 þ 7.5 5.9 þ 2.1b
Total MIF content within macrophages and in the culture media were determined as described in Section 2. The data are taken from
Table 2 and Fig. 2. Values are the mean þ S.D. of three samples.
aP6 0.05 vs. non-stimulated control macrophages.
bP6 0.05 vs. each agent-stimulated control macrophages.
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cellular Ca2, and tyrosine kinase [24,25]. Therefore,
we investigated monokine production from macro-
phages stimulated with PMA, calcium ionophore
A23187, and LPS.
As for the regulation of macrophage biological
functions, stimulation by calcium ionophore
A23187 or LPS induced MIF secretion into the cul-
ture medium in a dose-dependent manner and the
maximum peak was observed at 14 h of incubation
(data not shown), whereas PMA failed to induce any
signi¢cant increase. Consistent with this result, it was
reported that maximal MIF secretion by mouse mac-
rophages into medium occurred approximately 12 h
after LPS stimulation [26]. On the other hand, MIF
secretion from vitamin E-treated macrophages into
the culture medium was less than that of control
macrophages for both stimulation and non-stimula-
tion. A similar phenomenon was also observed for
secretion of IL-6 and TNF-K from macrophages
stimulated with calcium ionophore A23187, but
not with LPS. From these results, it is conceivable
that vitamin E inhibits induction of MIF secretion
from macrophages stimulated with calcium iono-
phore A23187 through inhibition of intracellular
Ca2 in£ux by modulation of macrophage cell mem-
branes.
We previously reported that vitamin E, which was
incorporated in the membrane of macrophages, in-
hibited intracellular Ca2 in£ux [27]. In association
with the non-inhibitory action of vitamin E on IL-6
and TNF-K extracellular secretion in response to
LPS, our present results appear to be in good agree-
ment with our previous report, demonstrating that
vitamin E did not have an inhibitory action on ty-
rosine kinase with regard to COX-2 induction in
LPS-stimulated macrophages [28]. It should be noted
that the magnitude of MIF secretion was only 1.8-
fold that of the non-stimulated one; however, TNF-
K and IL-6 increased by 5- to 28-fold. It should also
be noted that the content of MIF in non-stimulated
macrophage culture medium was on the nanogram
order per ml, whereas TNF-K and IL-6 were on the
picogram order. These facts suggest that the extra-
cellular secretion process of MIF is distinct from
those of IL-6 and TNF-K in response to LPS and
calcium ionophore A23187.
In general, in the signal transduction pathways
triggered by LPS, it is thought that the agent medi-
ates its transmembrane signal transduction by bind-
ing to a membrane protein, CD14, which leads to
activation of a protein-tyrosine kinase [29]. There-
fore, it appears that vitamin E does not prevent ei-
ther binding of LPS to CD14 or any step of its signal
transduction for activation of tyrosine kinase. How-
ever, vitamin E inhibited MIF secretion into the
macrophage culture medium in contrast to that of
IL-6 and TNF-K. Accordingly, Western blot analysis
showed no signi¢cant change for intracellular MIF
content of vitamin E-treated macrophages after LPS
stimulation.
Finally, extracellular secretion of MIF is essential
for its broad-spectrum biological functions with re-
spect to its proin£ammatory action, and actions as a
pituitary hormone and counter-regulator of gluco-
corticoid [7]. The decrease of intracellular MIF con-
tent of control macrophages after LPS-stimulation is
re£ected by its secretion into culture medium [26]. In
this study, we showed for the ¢rst time that vitamin
E regulates MIF secretion into extracellular space in
response to stimulation by either LPS or A23187. On
the other hand, there was suppression of IL-6 or
TNF-K excretion in response to A23187, whereas
no appreciable change was found after LPS stimula-
tion. Therefore, the di¡erential secretion levels of
MIF and IL-6 or TNF-K modulated by vitamin E
depending on the type of stimulation suggest a novel
biological action of this molecule as an immuno-
modulator. As for vitamin E with regard to cyto-
kine production, long-term vitamin E supplementa-
tion suppressed the production of IL-6 and TNF-K
from the splenocytes of the retrovirus-infected mice
in response to LPS [30]. This ¢nding supports the
idea that vitamin E plays a pivotal role within the
cytokine network in various pathophysiological
states, such as acquired immune de¢ciency syn-
drome. Thus, it is conceivable that vitamin E
may contribute to the regulation of in£ammatory
and immune responses through MIF secretion by
modulating the macrophage-membrane architecture.
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